Abstract. Suppose that each vertex of a graph G is either a supply vertex or a demand vertex and is assigned a positive real number, called the supply or the demand. Each demand vertex can receive "power" from at most one supply vertex through edges in G. One thus wishes to partition G into connected components so that each component C either has no supply vertex or has exactly one supply vertex whose supply is at least the sum of demands in C, and wishes to maximize the fulfillment, that is, the sum of demands in all components with supply vertices. This maximization problem is known to be NP-hard even for trees having exactly one supply vertex and strongly NP-hard for general graphs. In this paper, we focus on the approximability of the problem. We first show that the problem is MAXSNP-hard and hence there is no polynomialtime approximation scheme (PTAS) for general graphs unless P = NP. We then present a fully polynomial-time approximation scheme (FPTAS) for series-parallel graphs having exactly one supply vertex. The FPTAS can be easily extended for partial k-trees, that is, graphs with bounded treewidth.
Introduction
Consider a graph G such that each vertex is either a supply vertex or a demand vertex. Each vertex v is assigned a positive real number; the number is called the supply of v if v is a supply vertex; otherwise, it is called the demand of v. Each demand vertex can receive "power" from at most one supply vertex through edges in G. One thus wishes to partition G into connected components by deleting edges from G so that each component C has exactly one supply vertex whose supply is at least the sum of demands of all demand vertices in C. However, such a partition does not always exist. So we wish to partition G into connected components so that each component C either has no supply vertex or has exactly one supply vertex whose supply is at least the sum of demands of all demand vertices in C, and wish to maximize the "fulfillment," that is, the sum T. Ito et al. of demands of the demand vertices in all components with supply vertices. We call this problem the maximum partition problem [4] . The maximum partition problem has some applications to the power supply problem for power delivery networks [4, 6] . Figure 1 (a) illustrates a solution of the maximum partition problem for a graph, whose fulfillment is (2 + 7) + (8 + 7) + (3 + 6) + (4 + 8) = 45. In Fig. 1(a) each supply vertex is drawn as a rectangle and each demand vertex as a circle, the supply or demand is written inside, the deleted edges are drawn by thick dotted lines, and each connected component with a supply vertex is shaded. Given a set A of integers and an upper bound (integer) b, the maximum subset sum problem asks to find a subset C of A such that the sum of integers in C is no greater than the bound b and is maximum among all such subsets C. The maximum subset sum problem can be reduced in linear time to the maximum partition problem for a particular tree, called a star, with exactly one supply vertex at the center, as illustrated in Fig. 1(c) [4] . Since the maximum subset sum problem is NP-hard, the maximum partition problem is also NP-hard even for stars. Thus it is very unlikely that the maximum partition problem can be exactly solved in polynomial time even for trees. However, there is a fully polynomialtime approximation scheme (FPTAS) for the maximum partition problem on trees [4] . One may thus expect that the FPTAS for trees can be extended to a larger class of graphs, for example series-parallel graphs and partial k-trees, that is, graphs with bounded treewidth [1, 2] .
In this paper, we study the approximability of the maximum partition problem. We first show that the maximum partition problem is MAXSNP-hard, and hence there is no polynomial-time approximation scheme (PTAS) for the problem on general graphs unless P = NP. We then present an FPTAS for series-parallel graphs having exactly one supply vertex. The FPTAS for series-parallel graphs can be extended to partial k-trees. (The details are omitted from this extended abstract.) Figure 1 (b) depicts a series-parallel graph together with a connected component C found by our FPTAS. One might think that it would be straightfoward to extend the FPTAS for the maximum subset sum problem in [3] to an
